Fuchsia (Onagraceae) is a genus of flowering plants, mostly shrubs with bird-pollinated flowers, comprising more than 100 species belonging to nine sections, mainly located to South America [1] . The genus offers a variety of systematic and evolutionary challenges [2] . Flowers of Fuchsia species and cultivars have considerable horticultural value, partly caused by their color nuances. In 1977, Crowden and co-workers published the anthocyanin content in flowers of various Fuchsia species, hybrids and cultivars [3] . Two series of pigments were found, which occurred in varying mixtures in the samples; the 3-glucosides and 3,5-diglucosides of all the six common anthocyanidins. Two pigments were incompletely identified, but appeared to be acylated anthocyanins. Later, the anthocyanins in pollen of F. excorticata (a New Zealand species) were found to be the 3-(6''-coumaroylglucosides) of delphindin, petunidin and malvidin [4] . The aim of the present paper is to extend knowledge of anthocyanin based colors in flowers by reporting on the anthocyanin content of F. arborescens, F. boliviana, F. fulgens var. 'Variegata', F. magellanica (Onagraceae) and 29 of its cultivars, including the finding of peonidin 3-(6''-galloylglucoside), which has not been identified before. For those flowers where the visible color of calyx and corolla were different, the anthocyanins of both flower parts were analyzed separately.
The HPLC chromatogram of the acidified methanolic extract of the bulk mixture of Fuchsia flowers detected in the visible spectral region revealed twelve peaks ( Figure 1 ). The UV-Vis spectra indicated the presence of both 3,5-diglucosides (1-6) and monoglycosides (7-13) based on different anthocyanidins. The pigments were isolated as described in Experimental, and the identities of 1-8, and 10-12 were confirmed by either high-resolution electrospray mass spectrometry or co-chromatography with authentic compounds to be the 3,5-diglucosides of delphinidin (1), cyanidin (2), petunidin (3), pelargonidin (4), peonidin (5) and malvidin (6) , and the 3-glucosides of cyanidin (7), petunidin (8), pelargonidin (10) peonidin (11) and malvidin (12) ( Table 1 ). Due to their unknown nature, pigments 9 and 13 were subjected to detailed NMR analyses ( Table 2 ). The downfield part of the 1D 1 H NMR spectrum of 13 showed resonances with a small coupling at δ 9.15 (H-4), a 3H AMX system at δ 8.08 (H-6'), δ 7.88 (H-2') and δ 6.89 (H-5'), an 2H AB system at δ 6.90 (H-8) and δ 6.74 (H-6), and a singlet at δ 4.06 (3H) ( Table 2 ), in accordance with peonidin. The chemical shifts of the corresponding carbons were assigned from the HSQC experiment, and the remaining quaternary C-atoms were assigned using the HMBC spectrum optimized for 2 J CH and 3 J CH couplings ( Table 2 ). The sugar region of the 1D 1 H NMR spectrum of 13 showed the presence of one monosaccharide moiety with a β-configuration (H-1'' at δ 5.72, 3 J HH = 8.0 Hz). The DQF-COSY and TOCSY spectra showed seven sugar protons with coupling constants in agreement with those of a β-glucopyranosyl (Table 2) . A cross peak at δ 5.72/145.2 in the HMBC spectrum showed that the glucosyl unit was connected to the aglycone at the 3-position. The relatively long retention time of 13 indicated acylation. In addition to the aglycone protons, a singlet at δ 7.12, integrated for two protons, was seen in the aromatic region of the 1 H NMR spectrum. In the HMBC spectrum this singlet showed four cross peaks at δ 7.12/121.2 (H-2''',6'''/C-1'''), δ 7.12/146.5 (H-2''',6'''/ C-3''',5'''), δ 7.12/139.6 (H-2''',6'''/C-4''') and δ 7.12/168.7 (H-2''',6'''/C=O) in accordance with a galloyl unit [5] Table 1 ). Galloylated glycosides of peonidin have not been reported previously [6] .
The NMR resonances of pigment 9 shared many similarities with the corresponding resonances of 13 (Table  2) . Also, considering the lack of aglycone methoxyl NMR signals, the relatively shorter HPLC retention time, and the mass difference of fourteen amu for the aglycone of 9 (Table 1) , this pigment was assigned as the cyanidin analogue of 13. The molecular mass (m/z 601.1209) corresponded to C 28 H 25 O 15 + in the ESI+ high resolution mass spectrum of 9, in accordance with cyanidin
. This pigment has previously been reported to occur only in leaves of Acer species (Aceraceae) [5, 7] .
The qualitative and relative quantitative anthocyanin contents of four Fuchsia species and twenty-nine cultivars of F. magellanica are presented in Table 3 . The various flowers contained one or more among six anthocyanidin 3,5-diglucosides (1-6), five anthocyanidin 3-glucosides (7, 8, 10-12), and two anthocyanidin 3-(2''-galloylglucosides) (9, 13). Anthocyanidin 3,5-diglucosides constitute the main pigments of most flowers. Considerable amounts of anthocyanidin 3-glucosides were, however, present in the flowers of F. magellanica, F. fulgens var. 'Variegata', and the cultivars 'Checkerboard', 'Celia Smedley', 'Beacon Red' and 'Katrien Michiels'. Anthocyanidin 3-(2''-galloylglucosides) were found only in a few samples, often in trace amounts, with the exception of F. magellanica, F. fulgens var. 'Variegata' and cultivars 'Katrien Michiels', 'Beacon Red' and 'Granada', in which pigment 9 was detected in substantial amounts (Table 3) . Pigment 13 was identified in F. magellanica and F. fulgens var. 'Variegata', and in trace amounts in cultivars 'Katrien Michiels' and 'Beacon Red'. Aromatic acylation of anthocyanins of the cinnamoyl type has, in general, wide occurrence in anthocyanic tissue of plants [8] . Similar acylation with galloyl units, as in 9 and 13, seems to be more restricted, previously reported to occur only in some species of Nymphaeaceae, Aceraceae, Rosaceae and Euphorbiaceae [6, 8] .
F. arborescens and F. boliviana are the only species surveyed by Crowden et al. [3] that are comparable with the species examined in the present study. The 3,5-diglucosides of cyanidin (2), peonidin (5) and malvidin (6) are identified in F. arborescens in both papers. In addition, the 3,5-diglucosides of delphinidin (1) and petunidin (3), and malvidin 3-glucoside (12) have been identified here ( Table 3 , the 3,5-diglucosides of cyanidin (2) and peonidin (5) are identified in both studies, while the 3,5-diglucosides of delphinidin (1) petunidin (3) and pelargonidin (4), and cyanidin 3-glucoside (7) are additionally reported in Table 3 for this species.
For those eighteen cultivars where the colors of corolla and calyx were different (Table 3) , the corollas showed the purple nuances. Although the qualitative anthocyanin contents were nearly the same in the corolla and calyx of the same cultivar, it was striking that all the corollas contained relatively higher amounts of malvidin 3,5-diglucoside (6) than the calyxes. Pigment 6 was in fact the major pigment in nearly all purple corollas, while peonidin 3,5-diglucoside (5), or in some cases cyanidin 3,5-diglucoside (2), were the major pigments in flower parts/cultivars with more reddish/pink nuances (Table 3 ). In the more orange/scarlet flowers of F. fulgens var. 'Variegata' pelargondin 3-glucoside was the major anthocyanin. It is well-known that the oxygen substituents on the various anthocyanidin B-rings produce effects on their visible absorption maxima (see Table 1 , [9] ). Considerations of the structures of the major pigments in the various Fuchsia flowers shows that flower colors of the examined flowers are to a large extent correlated with the number of oxygen substituents on the anthocyanidin Bring of the major anthocyanins within these flowers.
Experimental
Plant material: Flowers of Fuchsia (Table 3) glc, glucoside; gaoglc, 6-galloylglucoside; Pg, pelargonidin; Cy, cyanidin; Pn, peonidin; Dp, delphinidin; Pt, petunidin; Mv, malvidin; Fl, Flowers; Co, Corolla; Ca, Calyx; t, trace amounts. *Purple corollas and red calyxes are combined. # When the area of the major peak is more than 85% of the area of the second biggest peak, >> is used.
Extraction and isolation of individual anthocyanins:
To improve the isolation scale of individual pigments, flowers from various Fuchsia species and cultivars (total 3.5 kg) were combined and extracted 4 times with methanol containing TFA (0.5% v/v) giving app. 20 L of solution.
The filtered extract was concentrated under reduced pressure at 25-27ºC giving app. 1 L of aqueous solution.
The aqueous concentrated extract was purified by partition (several times) against ethyl acetate and applied to an Amberlite XAD-7 column. The anthocyanins adsorbed to the column were washed with water, and eluted from the column with methanol containing 0.5% TFA. The concentrated anthocyanin extract (app. 14 g) was purified by Sephadex LH-20 chromatography using 20% aqueous methanol containing 0.5% TFA as eluent. The anthocyanins were separated into 7 bands. Pigment 6 was eluted as the first band, pigments 1-5, 7, 8, 11 and 12 occurred in bands 2-5 in various proportions, while pigments 9 and 13 were eluted as band six and seven respectively. Pigments 9 and 13 were further purified using preparative HPLC ( . Aliquots of 20 μL were injected and the flow rate was 1 mL/min. Prior to injection, all samples were filtered through a 0.45 μm Millipore membrane filter. Anthocyanins isolated from blackcurrant (Ribes nigrum) [10] , black bean (Phaseolus vulgaris L.), [11] and strawberry (Fragaria ananassa) [12] were used as references.
Qualitative and relative quantitative anthocyanin content of the various species: Some flowers from each plant sample were extracted with methanol containing TFA (0.5% v/v) for 24 h. Where corolla and calyx showed obvious color differences, they were separated before extraction, except for F. magellanica, where whole flowers were extracted. The qualitative anthocyanin content was determined based on co-chromatography and UV-Vis absorption spectra with those of individual anthocyanins from the bulk Fuchsia sample, black currant, black bean and strawberries. The relative quantitative amounts of the anthocyanins were determined from the HPLC profiles, without taking into account the variation of molar absorption coefficients for individual pigments.
